techniques for food analysis. After a general revision of the principles of supercritical 5 fluid extraction (SFE) and pressurized liquid extraction (PLE; also called accelerated 6 solvent extraction, ASE or subcritical water extraction, SWE), the principal applications 7 of such techniques in the mentioned fields of food and natural products and 8 environmental analysis are described, discussing their main advantages and drawbacks. 9 10
PRODUCTS ANALYSIS. 11

Functional compounds. 12
Nowadays, the growing interest in the so-called functional foods has raised the demand 13 of new functional ingredients that can be used by the food industry [32] . These 14 functional ingredients are preferred to have natural origin and to be obtained using 15 environmentally clean extraction techniques. As expected, the complexity of the natural 16 ingredients with biological activity is very high; this fact has lead to the development of 17 new methodologies to extract and characterize them. In order to preserve the activity of 18 such ingredients and to prevent changes in the chemical composition of the functional 19 compounds and/or mixture of compounds, sample preparation techniques based on the 20 use of compressed fluids have widely been developed. 21 22 3.1.1 SFE applications. 23 Table 1 shows a summary of the applications of SFE in food and natural products 24 analysis. SFE has been used to obtain extracts with antioxidant activity from microalgae 25 10 [33, 34]; by using the combination of SFE and HPLC with both, DAD and ESI-MS, 1 several functional compounds were identified corresponding to different carotenoids 2 along with chlorophyll a and some chlorophyll degradation products. These compounds 3 could be associated to the biological activity of such extracts. Supercritical CO 2 has also 4 been used to extract and characterize antimicrobial compounds and food preservatives 5 from microalgae. Mendiola et al [35] correlated the antimicrobial activity of 6
Chaetoceros muelleri supercritical extracts with its content in DPA and tryglicerides, 7
analyzed by HPLC-ELSD. A common important thing to remark of these works is the 8 low yields obtained. In case of Chaetoceros these low extraction yields are due to its 9 siliceous cell wall, a common characteristic to the diatomaceous microalgae [35] . In 10 case of Spirulina [33, 34] ], and many other microalge [36] , the main problem in order to 11 obtain higher extraction yields is its high proteins and carbohydrates content, which are 12 almost insoluble in supercritical CO 2 . 13
Carotenoids are a group of compounds of great importance to human health since they 14 can act e.g., as potent antioxidants; however, due to their chemical characteristics they 15 are easily degraded by temperature or oxygen, so, the use of SFE has been suggested to 16 minimize risks of activity lost being thus applied to the extraction of carotenoids from 17 different matrices. Sun et al. [37] carried out the extraction of carotenoids from carrot 18 and compared the traditional solvent extraction method with the SFE using canola oil as 19 co-solvent. Results showed that not only hydrocarbon compounds such as α-and β-20 carotene were recovered by supercritical CO 2 but also oxygenated carotenoids such as 21 lutein. The authors suggested that the use of canola oil as co-solvent greatly increased 22 the extraction yield of carotenoids. Similar results were obtained for the SFE of 23 lycopene from tomato [38] ; in this application, a vegetable oil was also used as co-24
solvent showing an improvement in the extraction yield as well as in the stability of the 25 pigment. In both cases the use of oils as co-extracting agents present an important 1 drawback: the elimination of oil. It helps to improve the extraction but the extract is a 2 mixture of the extracted components of the oil and the "pure" extract. On the other 3 hand, Lopez et al. [39] developed a highly selective automated SFE method for the 4 isolation of carotenoids from crustaceans by using 15% ethanol as cosolvent. In this 5
case it was necessary to use an ODS (C18) trap wich was flushed with acetone. 6
Another compound with antioxidant properties that has also been extracted with 7 supercritical carbon dioxide has been squalene from different matrices such as olive oil 8 [18, 40] , oil rafination by-products [41, 42] and from different plants [43] . In all the 9 cases the extract could be directly analyzed using liquid chromatography with no other 10 fractionation step. An important point in favour SFE in the obtention of squalene is the 11 relatively short extraction times, mild pressures (~200 bar) and temperatures (~50ºC) As mentioned, to widen the range of application of SFE to relatively polar compounds, 7 small amounts of modifiers (≤15%) are added to carbon dioxide allowing the extraction 8 of more polar substances. Examples of functional compounds of relatively high polarity 9 that have been extracted using SFE with polar modifiers are: polyphenols from grape 10 skin [53] , from grapefruit (Citrus maxima) [ 63] the sample prior to extraction. Some authors mix the sample with any kind of water 23 absorbent inside the extraction cell, for example magnesium sulphate [64] . But the 24 problem when trying to isolate compounds from foodstuff is not always water but fat. 25
13
The most commonly used fat retainer materials are basic alumina, neutral alumina, 1 forisil and silica. Two main approaches have been used; one where the fat retainer is 2 placed in a separate chamber downstream from the extraction thimble, and one where 3 the fat retainer is added inside the extraction cell. 4 5
PLE applications. 6
As for the pressurized liquid extraction, numerous applications have been developed in 7 the last few years involving the extraction of interesting compounds from foods and 8 natural matrices; Table 3 shows a summary of the most remarkable applications of PLE 9 in this area. Probably, the main reason of the extremely important development of PLE-10 based techniques is the possibility of its automation along with the reduced extraction 11 time and solvents required. 12
One important group of compounds with biological activity that can be found in several At present, food safety includes many different issues such as detection of frauds, 24 adulterations, contaminations, etc. Among these topics, detection of food pollutants is 25 important not only for consumers but also for administrations, control laboratories, and 1 regulatory agencies. In order to protect consumers' health, regulations establish strict 2 limits to the presence of pollutants in foods that must be carefully observed and 3 determined. Generally, the analysis of food pollutants is linked to long extraction and 4 clean-up procedures commonly based on the use of e.g., soxhlet and/or saponification. 5
These procedures are laborious and time consuming and, besides, usually employ large 6 volumes of toxic organic solvents. With the objective of reducing both, the sample 7 preparation time and the massive use of organic solvents, techniques based on 8 compressed fluids such as SFE and PLE have been developed. 9 10
SFE applications. 11
One of the main areas of application of SFE in the last few years has been in food 12 pollutants analysis, mainly pesticide residues and environmental pollutants as can be 13 deduced from the summary shown in Table 4 the extremely high selectivity of SFE in the isolation of the low polarity pesticides; this 21 fact makes SFE probably the technique of choice to isolate pesticides from low fat food. reduced to a single one by using SFE. Only 20 ml of low toxicity solvent mixture 7 (ethanol/ethyl acetate/NaOH) are required for the complete extraction and determination 8 of lasalocid; thus, the new SFE method is fast, economic and represents little hazards 9 from exposure to solvents. 10
But not only non-polar drugs are susceptible to be isolated using SFE. One example is 11 the extraction of sulphonamides, which are commonly used in subtherapeutic doses in 12 drinking water but also as bacteriostatic in chicken, beef and pig grown. Arancibia et al 13 Other environmental pollutants that can be found in food samples, and therefore should 5 be quantified and controlled, are halogenated dioxins and biphenyls [111, 119, 120]. In 6 this field SFE has proved its effectiveness as sample preparation method previous to 7 GC-MS. The isolation of these kind of compounds is relatively easy using SC-CO 2 due 8 to their low polarity. A reasonable approach would be to combine moderate SFE 9 conditions (reducing coextracted lipids ) with £orisil present in the extraction thimble as 10 fat retainer. The extracted PCBs should then be trapped on a solid phase packed with 11 £orisil and eluted with n-heptane. Additionally, it might be possible to determine also 12 the fat content in the same extract by applying methanol as modi¢er after the PCB 13 were optimized for different pesticides and the best recoveries were achieved at 75ºC 20 and 1500 psi as extraction conditions using ethyl acetate as solvent. Higher 21 temperatures led to the co-extraction of other organic compounds present in fruits such 22 as carotenoids and flavonoids. The extraction time was set at 7 minutes, which was 23 considered sufficient due to the high solubility of the target compounds in ethyl acetate. 24
Using these extraction conditions, the authors found that the efficiency of PLE to 25 extract pesticides from fruit was comparable to that obtained using traditional extraction 1 techniques, while using smaller solvent volumes and significantly less time. LOQ below 2 European legislation requirements were achieved. 3
Veterinary drugs are used in breeding animals and they can be easily found in foods, if 4 no good manufacturing practices are used. The presence of such residues in foods 5 should be assessed due to their negative effects on human health. Sulfonamides are a 6 group of compounds used to promote animal growth. 13 sulfonamides could be detected 7 in raw meat and infant foods using PLE [129] . To extract these compounds, water at 8 160ºC was used for 15 min of extraction time (including 5 min of static extraction time). 9
To get proper extracts, homogenized meat was mixed with C 18 particles, and the 10 extraction cell was filled then with diatomaceous earth. Direct analysis of the extracts 11 was possible using this strategy. procedure was used to obtain fat-free extracts ready for PCBs analysis from several 24 food and feed matrices [133] . In these applications the dispersion of the sample into de 25 extraction cell proved to be critical. To obtain appropriate extracts, a layer of fat retainer 1 was placed above two filter papers in the bottom of the extraction cell. Then, other filter 2 paper was introduced with the sample dispersed and with sodium sulphate above it. The 3 rest of the extraction cell volume was filled with sodium sulphate and two more filter 4 papers on top. Similar packing was employed to achieve an integrated extraction, clean-5 up and fractionation of the different analytes to proceed with the determination of 6 dioxins in foods [134] . In this case, the fat retainer was replaced by a carbon/celite 7 mixture. 8
Polycyclic aromatic hydrocarbons (PAHs) are other kind of pollutants that are 9 considered dangerous because of their known carcinogenic effects. Also, it seems that 10 some processing operations that are carried out in the food industry, such as smoking of 11 the food, can generate these compounds. A commercial ASE instrument was employed 12 to extract this kind of compounds from smoked food [135] . The extraction conditions 13 consisted on 100 ºC and 1500 psi with hexane, and using two static cycles of 10 min 14 each. The homogenized sample was placed at the bottom and the extraction cell was 15 filled with sand. Although a clean-up procedure was needed after the extraction, the 16 results showed similar or better recoveries for different PAHs than using Soxhlet 17 extraction. Besides, only 20-30 ml of solvent were employed for a total extraction time 18 
